Background No previous study could be found that examined the longitudinal association between suicidal ideation and the factors associated with it and that considered both individual and contextual characteristics simultaneously. This study examined whether variation in suicidal ideation is attributable to the administrative-area level and examined suicidal ideation and the factors associated with it at multiple levels, especially focusing on social capital. Conclusions Policy makers should consider laying down policies aimed at preventing suicide at administrative-area level as suicidal ideation of individuals is different between administrative areas. However, it should also be recognized that directing attention solely at administrative-area level is not efficient, as only small variations in suicidal ideation are attributable to this level. Decision makers need to consider policies promoting social capital, as it may play a role in reducing suicide risk.
Introduction
Suicide is one of the most serious public health problems in the world. 1 Particularly, suicidal deaths are considered a serious social problem in South Korea as the incidence of suicide, which is ranked as the fourth leading cause of deaths, has been rapidly increasing. 2 Moreover, South Korea now has the highest suicide rate among the organization for economic co-operation and development (OECD) countries and suicide rate has increased from 21.5 per 100 000 people in 2006 to 28.4 per 100 000 people in 2009. 3 To date, many studies have focused on suicide attempts and completed suicide, but relatively few studies have focused on suicidal ideation 4 , although it has been recognized that suicidal ideation is an important process preceding suicidal attempts. 5 As suicidal ideation precedes suicide attempts and completed suicide, 6 it is important to understand it to prevent it, and therefore, more research is needed.
Researchers have suggested that suicide is associated with various potential factors at individual level, such as age, gender, marital status, smoking, drinking, health, various psychological factors and socioeconomic status. 7 -9 While it can be assumed that suicide is determined mainly by individual-level factors, it has been recognized that suicide is associated also with contextual factors. 10, 11 Also, several systematic reviews of multilevel analyses of health outcomes have supported that there are contextual effects on various health outcomes. 12, 13 Even given the importance of a shared environment on various individuals' health outcomes, no previous study has examined its association with suicide. Among the contextual factors that have been suggested as influencing individuals' mental health outcomes including suicide and suicidal ideation is social capital. 5,11,14 -16 Social capital has been defined as the resources that individuals or collectives have access to through their social relationships. 17 -19 Apart from this general definition, there is no firm consensus on the concept of social capital as it is a multidimensional concept. 20 -22 However, most definitions of social capital encompass structural and cognitive dimensions and have obtained widespread currency in various fields. 23 The structural dimension refers to behavioral manifestations of network connections, such as organizational participation. The cognitive dimension refers to attitudes such as trust in others. There are several mechanisms that link social capital to psychological well-being. Social capital may buffer the negative effects of life events, provide positive emotional and material support, 24 promote good health behaviors, including physical exercise, reduce deviant health behaviors, including smoking and drinking and access of local services and amenities, and reduce chronic and psychosocial stressors 25 , which will enhance psychological wellbeing and reduce suicidal ideation in turn.
The current study contributes the literature on social capital and suicidal ideation by examining the association between social capital and suicidal ideation, using multilevel analysis of longitudinal data which can provide information regarding the temporal order between social capital and suicidal ideation. Additionally, this study considered socioeconomic status of area as an area-level confounder to reduce the biased effect of social capital, as it has been suggested that it is associated with mental health outcomes and social capital. 26, 27 As pointed out by Kim, 27 the lack of control for this attribute may contribute to residual confounding bias, so that effect of social capital may be biased. 28 The aim of this study was to investigate: (1) whether variation in suicidal ideation is attributable to administrative area level and (2) the associations between various factors at multiple levels and their association with suicidal ideation, especially focusing on social capital, through multilevel analysis of longitudinal data.
Methods

Data
The data were obtained from the Wave 1 and Wave 2 Seoul Welfare Panel Study (SWPS), a bi-annual longitudinal panel survey that began in 2008, carried out in a representative sample of households located in Seoul, South Korea, and conducted by the Seoul Welfare Foundation. The SWPS study adopted a 2-stage stratified cluster sampling design and multiple interviews for all the members of the household whose age is 15 
Measures
Dependent variable
The dependent variable for the current study was suicidal ideation in Wave 2. The respondents were asked to answer the following question: 'Have you ever seriously thought about committing suicide in the past year?' The options for this question were 'yes' (coded ¼ 1) or 'no' (coded ¼ 0).
Social capital variables
Two variables were used to measure social capital. Organizational participation was considered the structural dimension of social capital. Respondents' organizational participation level was measured by their involvement in 11 different organization types (alumni association, hobby group, an association of people from the same province, a group composed of people with the same family name and the same family origin on the paternal side, religious group, civic/community group, volunteer or charity group, education/academic organization, tenants group, political party and professional organization). Each item was measured using a 5-point Likert scale (very actively participate/actively participate/medium participate/rarely participate/do not participate). Those who did not choose 'do not participate' in any organization were considered to be participating. A dummy variable was created where respondents were given a score of 1 if they did participate in one of the listed organizations or 0 if they did not.
To operationalize the cognitive component of social capital, perceived helpfulness was measured. Perceived helpfulness reflects interpersonal trust and mutual support, a horizontal relationship between individuals. 29 This variable was measured using one question: 'There is no one whom I can get a help or lean on in times of trouble'. This question was originally rated on a 5-point Likert scale (from 'strongly agree' to 'total disagreement'). A dummy variable was constructed with the three first alternatives reflecting 'low perceived helpfulness' and the two latter alternatives reflecting 'high perceived helpfulness'.
To operationalize the two individual-level social capital variables at administrative area level, an ecometric approach was adopted. 30, 31 The two individual-level variables were fitted separately as dependent variables, using multilevel analysis, and the shrunken residuals from each variable were obtained for administrative areas. This study used shrunken residuals as administrative -area level social capital variables in the multilevel analysis for suicidal ideation. This approach is better than standard aggregated individual variables as it considers the part of the variation that is attributable to contextual differences. (2) ex-drinker and (3) non-drinker [reference category]. A dummy variable was used to reflect whether respondents currently exercised regularly (coded ¼ 1) or not (coded ¼ 2). Self-rated health status was measured by asking the respondents to rate their health status, using a 5-point Likert scale from very healthy to very unhealthy. A dummy variable was created with the value 1 indicating very healthy/healthy and value 0 indicating fair/unhealthy/very unhealthy. Lack of hope was measured by making the respondents select an option for the statement: 'I think my future is hopeful', using a 4-point scale (from 'not at all' to 'always'). The respondents were grouped into a group of people who answered with the first two alternatives, which were considered to indicate lack of hope (coded ¼ 1), and a group of people who answered with the latter two alternatives, which were not considered to indicate lack of hope (coded ¼ 0). Self-esteem was measured using the Rosenberg Self-Esteem Scale. 33 This scale contains 10 items to assess global self-esteem using a 5-point Likert scale from 'strongly agree' to 'strongly disagree'. Examples of items included are: 'I feel that I'm person of worth, at least on an equal plane with others' and 'I'm able to do things as well as most other people'. The items were recoded so that higher scores reflected higher self-esteem. The self-esteem scale was constructed by averaging each respondent's responses to the 10 items (Cronbach's a ¼ 0.83). Subjective body image was measured using a 5-point scale from very thin to very fat. The respondents were grouped into three categories: (1) very thin/thin, (2) normal and (3) fat/very fat.
At household-level, household income, housing type, presence of a disabled household member and public assistance were considered. Five dummy variables indicated six categories of income: (1) 1 000 000 KRW or below [reference category], (2) 1 010 000 -2 000 000 KRW, (3) 2 010 000 -3 000 000 KRW, (4) 3 010 000 -4 000 000 KRW, (5) 4 010 000 -5 000 000 KRW and (6) above 5 000 000 KRW. Housing type was categorized into three groups: (1) ownership [reference category], (2) deposit-based and (3) monthly rent/free housing. A dummy variable was created on the basis of whether a disabled household member was present (coded ¼ 1) or not (coded ¼ 0).
At administrative-area level, socioeconomic disadvantage variable was used. This variable is a composite index of four items including, median household income per each administrative area, within percentages of household with not having a car, within-area single-parent households with children under the poverty line and households receiving public assistance. The latter two variables were obtained from the Seoul Statistics website (http://stat.seoul.go.kr). The alpha coefficient was 0.781. A composite index was created by averaging the standardized score for each variable.
Statistical analysis
In order to account for the hierarchical structure of the data, where individuals (level 1) are nested in households (level 2), which are nested in administrative areas (level 3), and in order to examine the association between the individual, household and administrative-area level variables and suicidal ideation in Wave 2, a 3-level random-intercept logistic regression analysis was conducted via maximum likelihood estimation. Multilevel analysis takes into account the clustering of the data and provides insight into to what extent differences in the dependent variables are attributable to the contextual-level. 34 The first model (Model 1) was an intercept-only model without any explanatory variables. This model was fitted to ascertain a baseline for the variation in suicidal ideation in Wave 2 across the three levels. Model Table 1 presents the descriptive statistics for the individual and household and the administrative-area level variables in Wave 1 and their crude associations with suicidal ideation in Wave 2. 249 (4.86%) of the respondents reported that they had suicidal ideation in Wave 1. In Wave 2, 267 (5.11%) of the respondents reported that they had suicidal ideation (results not shown). All social capital variables at individual and administrative-area levels were associated with suicidal ideation. Table 2 presents the results of the Pearson correlation analyses for the administrative-area level variables. Perceived helpfulness was positively associated with organizational participation (r ¼ 0.051; P , 0.01). Table 3 shows the results of the five successive multilevel models. In Model 1, the ICC indicates that 2.7% (ICC ¼ 0.027) of respondents' variation in suicidal ideation (Wave 2) was attributable to the administrative-area level. The final model (Model 5) considered all variables at individual, household and administrative-area levels simultaneously. There were slight changes in coefficients and statistically significant associations. Individual-level perceived helpfulness was still associated with suicidal ideation even after controlling for individual, household and administrative-area level variables, including administrative-area level social capital variables (OR ¼ 0.60; 95% CI ¼ 0.43, 0.83). Organizational participation at administrative-area level was associated with suicidal ideation (OR ¼ 0.73; 95% CI ¼ 0.53, 0.99). The ICC at administrative-area level was reduced by 0.017 in this model.
Results
Discussion Main finding of this study
The result showed that 2.7% of total variance in suicidal ideation is attributable to the administrative-area level (Model 1). This result indicates that suicidal ideation is clustered at administrative-area level so the suicidal ideation of individuals is different between administrative areas and is similar in the same administrative area. This significant proportion of variance at administrative-area level indicates that it is important to consider decentralized administrative areabased suicidal prevention interventions but also that it is important to notice that it is not effective if considered only at this level as the small variation in suicidal ideation was attributed to the administrative-area level.
Suicidal ideation in Wave 1 was associated with Wave 2. Lack of hope was positively associated with suicidal ideation, while self-rated health was negatively related to suicidal ideation. These results showed expected signs and are in line with previous studies. 6,11,35 -38 In terms of social capital variables, the results indicated that perceived helpfulness was negatively associated with suicidal ideation at individual level. At administrative-area level, organizational participation was negatively related to suicidal ideation.
What is already known on this topic
There is some evidence that social capital is associated with suicide outcomes. Helliwell 16 found that higher social capital is associated with lower suicide rates at national level. Yen et al.
11 found that participation in social activities at individual level was associated with suicidal ideation for elders in Taiwan. On the other hand, Fitzpatrick et al.
14 found that while bridging social capital was associated with suicidal ideation, there was little evidence that bonding social capital was associated with suicidal ideation among homeless persons in mid-sized Southern US metropolitan areas. No previous study can be found that examined the compositional and contextual associations of social capital and suicide on the basis of longitudinal data.
What this study adds
To the best of our knowledge, this is the first study to examine the longitudinal association between social capital at both individual and contextual levels and suicidal ideation while considering various factors at multiple levels using multilevel analysis. This study provides evidence that perceived helpfulness at individual level and organizational participation at administrative-area level are important for the prevention of suicide. Additionally, the results add to the literature indicating that social capital is a multidimensional FACTORS ASSOCIATED WITH SUICIDAL IDEATION 39 -41 and it also may be that different levels of social capital act differently. The results of previous studies of the association between social capital and mental health outcomes based on multilevel analysis are mixed, 27 as some studies 15, 42 found the association and other studies 43, 44 did not find any associations. It is difficult to synthesize the results of studies as differences between these studies in their sample attributes, study design, statistical methods, level of analysis and measures of social capital and suicide. One possible explanation is that different geographical units used between studies may result in mixed findings. 28, 42, 43, 45 For example, this study used an administrative area as the contextual level of analysis which is a relatively large geographical unit. As the low ICC was found in this study (Model 1), administrative-area level may not be the most appropriate geographical unit for understanding individual suicidal ideation and measuring social capital. It may be that administrative area is too large a geographical unit so that individuals are much heterogeneous regarding suicidal ideation even within the same administrative area and it may not reflect individuals' daily social interactions accurately, which prevented us to precisely measure social capital at this level. 28 Although some studies 46, 47 found the cross-level interaction effects, this study did not find any cross-level interaction effects (results not shown). Additionally, this study may have been over-adjusted for potential mediating factors such as individual psychological factor, smoking and drinking behaviors which may have masked the significant association. 27 However, the effects of social capital on suicidal ideation practically remained the same without controlling for these mediators (results not shown). Finally, as the administrative-area level social capital variables were highly About 1150 KRW is US$1.
*P , 0.05, **P , 0.01 and ***P , 0.001. Continued correlated (see Table 2 ), further analyses that included each administrative-area level of social capital one time were conducted. However, main conclusions remained the same (results not shown).
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Limitations of the study
There are some limitations to this study. First, the sample size of administrative areas is a potential problem. As this study uses the relatively small sample size of 25 administrative areas, this sample may lack the power to detect other significant relationships at administrative-area level and cross-level interaction effects. Second, the main interests of the study variables were gathered by self-reporting and are thus subject to the common method bias. Third, although this study considered various factors at multiple levels, it is still possible that some omitted variables could affect the associations that were found. Fourth, although this study used two indicators of social capital, this does imply that this study used complete measures of it. For example, the dataset did not allow the consideration of network social capital measures.
Conclusion
The results provide evidence that a small proportion of variation in suicidal ideation is attributable to the administrative-area level. The results also suggest that perceived helpfulness at individual level and organizational participation at administrative-area level are associated with suicidal ideation. Taken together, these results implicate that policy makers need to consider laying down policies aimed at preventing suicide at the administrative area as suicidal ideation of individuals is different between administrative areas. However, it should also be recognized that directing attention solely at the administrative-area level is not efficient, as only a small variation in suicidal ideation is attributable to this level. Additionally, decision makers should consider policies or interventions promoting social capital as it may play a role in reducing suicide risk. *P , 0.05, **P , 0.01 and ***P , 0.001.
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